WO 03/076466 



ENHANCED INSERTED YELLOW FLUORESCENCE PROTEIN AND 

ITS APPLICATION "™ 

TECHNICAL FIELD 

5 

The present invention relates to an inserted yellow 
fluorescence protein for defining functions of any nucleic 
acid sequences inserted thereto in cells. Furthermore, the 
present invention relates to biosensors based on the inserted 
10 yellow fluorescence proteins for detecting and analyzing 
bioactivities of any desired materials. 

BACKGROUND 

15 Green fluorescence protein (hereinafter, referred to as 

"GFP") was originally isolated from a jellyfish. Since GFP 
protein consists of a number of 238 amino acids, and since it 
does not need any other proteins or substrates for 
fluorescence activation, it has been widely used as a 

20 reporter protein. Various types of GFP mutants have been 
reported. EGFP _ (enhanced GFP) was prepared by increasing 
intensity of GFP's fluorescence; and BFP (blue fluorescence 
protein) , CFP (cyan fluorescence protein) and YFP (yellow 
fluorescence protein) were prepared by modifying fluorescence 
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spectrum. 

In 1998, it was firstly reported that fluorescence 
intensity of GFP was maintained even after inserting foreign 
protein or a part of protein or peptides thereto at one or 

5 more sites (see NAR 26:623-630). Since then, molecules 
belonging to the group of the inserted fluorescence proteins, 
which were developed by R Tsien et al . , have been used. 
YFPins and Camgaroo, which was made by inserting calmodulin 
to the YFPins, were representative inserted fluorescence 

10 proteins designed by R Tsien et al . As for the inserted green 
fluoresce proteins reported by R Tsien et al . , the 145 th 
amino acid sequence of Tyrosine was replaced by M GGTGEL" 
where restriction enzymes (such as, Kpnl and SacI) 
recognition sites were introduced in order to clone foreign 

15 nucleic acid sequences (see PNAS 96:11241-11246). The mutant 
fluorescence proteins, however, did not show fluorescence 
activities at 37 °C, while they displayed fluorescence 
activities at 28°C. Thus, they could not be used as 
biosensors in mammalian cell to measure activities of any 

20 desired materials. R Tsien et al . also reported that Camgaroo 
2 (Q69M mutant) , which was made by substituting 69 th amino 
acid sequence of Glutamine with Methionin, represented 
fluorescence even at 37 °C. However, the fluorescence 
intensity of the Camgaroo 2 was so weak that it could not be 
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used in the measurement of calcium at a single cell level. 
Accordingly, there has been the need to find a novel inserted 
fluorescence protein having even stronger fluorescence. 

Concerning viral disease, since the cause of disease was 
5 not defined clearly in general the obtaining of molecules, 
which inhibit activities of the disease-causing enzymes, has 
been the primary subject for the drug development these days. 
In this regard, an efficient cell-based assay system to 
monitor activities of target proteins of viral disease was 

10 required. Particularly, regarding human Hepatitis C virus, 
which cannot be cultivated in a laboratory, the development 
of a useful cell-based pharmacological assay system to define 
drug efficacy in a cell was greatly required. Although NS3 
protease or NS5B RNA polymerase has been considered as an 

15 important target protein for the development of drug for the 
treatment of viral disease of human Hepatitis C, there has 
not been any efficient cell-based assay system to determine 
the effects of drug. Until now, recombinant viruses designed 
to have life-cycle dependent on NS3 protease activity have 

20 been used as cell-based reporting systems for detecting the 
activity of NS3 protease. Jang, seung-gi reported in 1996 an 
assay system using NS3 protease dependent poliovirus (see 
Virology 226:318-26), and Jecyca et al . reported in 1998 
other assay system using Sindbis virus for detecting NS3 
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protease activity (J. Virol 73:561-575) . In addition, other 
assay system using BVDV (bovine viral diarrhea virus) was 
disclosed in a published document in 2000 (see J. Virol 74: 
6339-6347) . These assay systems for detecting and analyzing 
5 NS3 protease 7 s activity using viruses belonging to 
Flaviviridae family, which had similar molecular biological 
features, were proved to have useful features. However, these 
systems had several problems to be resolved as high through 
put assay systems. These systems regarded to use original 

10 viruses as controls, and viral infection problem arose after 
the cell culture, in the procedures of detecting inhibitors. 
Therefore, the demand for more efficient and more cost 
effective assay system is still very high. 

It is known that caspase recognizes and cleavages a 

15 protein at the site of amino acids following aspartic acid. 
Caspase-1, 4, 5, 13 cleavage WEHD site, casepase-2, 3, 7 cleavage 
DEXD, and caspase-6, 8, 9, 10 cleavage I(/V/L)EXD. In 1998, Xu 
et al. detected caspase-3 (CPP32) activity using FRET 
(Fluorescence Resonance Energy Transfer) that was caused by 

20 placing DEVD amino acid sequence between GFP and BFP (see NAR 
26:2034-2035) . Also, BD bioscience clontech designed a system 
to monitor the activity of caspase-3 through tracing and 
investigating the YEP within a cell by fusing DEVD- YEP and 
nuclear export sequence (BD bioscience clontech, PR1Z4 99W) . 
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However, in detecting caspase activity using FRET, 
signal/noise (S/N) ratio was too low for practical 
application in the assay system. In addition, this assay 
system, which was basically based on protein movement in a 
5 cell, required relatively expensive device, and it was 
difficult to digitize the enzyme activity since the detected 
results were secondary signals. Accordingly, there have been 
great needs to find more efficient and cost effective cell- 
based assay system to detect and analyze the activities of 
10 materials . 

Thus, in order to provide biosensors for studying 
activities of numerous desired materials in cells, we carried 
out researches to develop new type of inserted fluorescence 
proteins maintaining appropriate fluorescence intensities 

15 around 37 °C , and thereby we designed enhanced inserted yellow 
fluorescence proteins by inducing mutations to the inserted 
fluorescence proteins. Then, we designed a new type of 
biosensor for detecting activity of NS3 protein inhibitor of 
human Hepatitis C virus by inserting the NS3 protein 

20 inhibitor' s substrate recognition sites into the enhanced 
inserted fluorescence protein. Also, we designed a new type 
of calcium sensor for determining the amount of calcium in a 
cell by inserting calmodulin recognition sites into the 
prepared enhanced inserted fluorescence protein. Furthermore, 
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we developed a new type of caspase sensor to detect caspase 
activity in a cell by inserting caspase recognition site into 
the obtained enhanced inserted fluorescence protein. 

5 DETAILED DESCRIPTIONS OF THE INVENTION 

Any publications referenced herein are hereby 
incorporated by reference in this application in order to 
more fully describe the state of the art to which the present 

10 invention pertains . 

It is important to understand the present invention to 
note that all technical and scientific terms used herein, 
unless otherwise defined, are intended to have the same 
meaning as commonly understood by one of ordinary skill in 

15 the art. The techniques used herein are also well-known to 
any one with ordinary skill in the art, unless stated 
otherwise . 

Reference to particular buffers, media, reagents, cells, 
culture conditions and the like, or to some subclass of same, 
20 is not intended to be limiting, but should be read to include 
all such related materials that one of ordinary skill in the 
art would recognize as being of interest or value in the 
particular context in which that discussion is presented. For 
example, it is often possible to substitute one buffer system 
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or culture medium for another, such that a different but 
known way is used to achieve the same goals as those to which 
the use of suggested method, material or composition is 
directed. 

5 It is an object of the present invention to provide an 

inserted yellow fluorescence protein having enhanced 

fluorescence intensity at 37 °C. 

It is another object of the present invention to 
provide a biosensor to understand various life phenomena in 
10 cells. 

In order to accomplish these objects, mutations are 
induced in conventional inserted fluorescence. 

Specifically, 145 th amino acid of Tyrosine, which is 
deleted in the conventional inserted fluorescence protein, is 
15 introduced. In addition, pcDNA3 (Invitrogen #V79020) vector 
is prepared, wherein 2 (two) restriction enzyme (BamHI and 
Nhel) recognition sites are placed for efficient cloning of - 
numerous insertion regions. Then, PCR cloning is carried out 
with the vector to induce mutations. The resultant mutant 
20 fluorescence protein maintains intensive fluorescence. 

Thus, the obtained and selected mutant inserted yellow 
fluorescence protein, according to the above method, is 
characterized by including "YGGSGAS" at 145 th amino acid site, 
wherein the amino acid site is insertion region of foreign 
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protein or a part of protein. This mutant inserted 
fluorescence protein is named as Y-Citrine (SEQ.ID No.: 1). 
The insertion region is designed to function as a binding 
site that has little electricity in comparison to that of the 
5 conventional inserted fluorescence protein. Since the 
insertion region has restriction enzyme recognition sites, 
which cannot be found in conventional vectors, it is possible 
to clone numerous genes into the vector with just one cloning 
process . 

10 Furthermore, a novel mutant inserted yellow 

fluorescence protein named as Peridot (SEQ.ID No.: 2), which 

has additional mutation of replacement of 192nd amino acid of 

Proline with Lysine (P192L) , is provided. 

These 2 (two) mutation inserted yellow fluorescence 
15 proteins showed about 20 times stronger fluorescence than the 

conventional inserted fluorescence proteins, under confocal 

microscopes (see FIG.l). 

Furthermore, biosensors for detecting bioactivities of 

any materials and for monitoring activities of protease are 
20 provided with the Peridot. For example, a sensor for assaying 

NS3 protein inhibitor of human Hepatitis C virus, a calcium 

sensor and a Caspase sensor are designed. 

With regard to the sensor for detecting and analyzing 

NS3 protein inhibitor of human Hepatitis C virus, it is 
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provided by inserting amino acid sequences encoding 
inhibitor's substrate recognition sites into the insertion 
region of the two developed inserted fluorescence proteins. 
Specifically, primers of BamHI / 5AB-F 5 1 -GGGGGGATCC GAGGCTGGTG 
5 AGGACGTTGT CTGCTGCTCG ATGTC-3 f (SEQ. ID No.: 3) and Nhel/5AB- 
R 5 ' -GGGGGCTAGC ACCTGTCCAT GTGTAGGACA TCGAGCAGCA GACAA- 3 1 
(SEQ. ID No.: 4), which encode substrate recognition sites 
for the NS3 protease, are synthesized and combined, and then 
are cloned with restriction enzymes. In order to confirm the 

10 maintenance and the intensity of fluorescence of the 
substrate sensor, it is introduced into HeLa cell line and 
examined and investigated under confocal microscope (see 
FIG.l) . If the substrate biosensor prepared above maintains 
its fluorescence within a cell, it must be a useful cell- 

15 based substrate biosensor for detecting the activity of 
foreign NS3 protease. 

Furthermore, in order for a biosensor binding calcium in 
a cell to be provided, calmodulin gene, which binds calcium, 
is introduced into BamHI and/or Nhel restriction enzyme 

20 recognition sites in Peridot. More specifically, PCR is 
carried out using calmodulin gene, as a template, and 
BamHI/CaM F primer 5 T - GG G GGAT C CAT GCAT GAC CAAC T GACAGAA- 3 T (SEQ. 
ID No.: 5) and Nhel/CaM R primer 5 T -GGGGCTAGCCTTTGC 
TGTCATCATTTGTAC-3 1 (SEQ. ID No.: 6). Next, gene cloning is 
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carried out at BamHI and Nhel recognition sites with BamHI 
and Nhel recognition enzymes, and the resulting recombinant 
gene is named as BCC .(bio-cart for calcium) . Subsequently, 
the prepared BCC is transferred to HeLa cell line (ATCC# CCL- 
5 2) and is incubated for at least 24 hrs at 37 °C. After the 
incubation, the HeLa cell line having the BCC is examined 
under confocal microscope to monitor the change of 
fluorescence while radiating it with Argon laser (480 nra) . 
Specifically, while monitoring the fluorescence, the HeLa 

10 cell line is continuously treated with 10 M of cabacol, 1 M 
of calcium ionopore, 100 mM of calcium solution and calcium- 
free solution (see FIG. 2), 

FIG.2A shows photographic images captured at 5-second 
intervals. FIG.2B illustrates time-dependent graphic images 

15 showing changes of calcium for the 4 (four) cells disclosed 
in FIG.2A. Although each of the 4 (four) cells show different 
fluorescence intensities dependent on the level of inserted 
BCC genes, it is observed that all the cells responded in 
similar ways to external stimuli.- It can be clarified by 

20 normalizing the fluorescence intensities with the 
fluorescence intensities detected before imposing the stimuli. 
FIG.2C shows the normalized graphic images, which strongly 
support that BCC is a efficient cell-based calcium sensor 
exactly representing the calcium in cells. 
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Furthermore, a caspase sensor is provided using Peridot 
to monitor the activity of caspase in a cell. For this 
purpose, DEVD amino acid sequence is inserted into the 
Peridot, and it is named DEVDins. The produced DEVDins is 
5 transferred to CHO-K1 (Chinese hamster ovarian) cell line, 
and then DEVDins expressing cell line is selected and named 
as CHO-Kl-DEVDins . After that, the selected cell line is 
treated with cell death inducing agent, and the activity of 
caspase-2/3/7 is detected using quantitative fluorescence 
10 image analysis (see FIG. 3) . Thus, recombinant fluorescence 
proteins including caspase recognition amino acid sequences, 
for example, WEHD for caspase-1/4/5/13, DEXD for caspase- 
2/3/7 and I(/V/L)EXD for caspase-6/8/9/10, are provided. 

15 BRIEF DESCRIPTIONS OF FIGURES 

FIG.1A is fluorescence photographs of HeLa cell lines 
captured by confocal microscope after introducing the 
inserted fluorescence proteins of the present invention and 
20 substrate biosensor for NS3 protease of human Hepatitis C 
virus. In FIG.1A, A) is for Citrine-Ins, B) is for Y-Citrine, 
C) is for Peridot, D) is for Y-Citrine-5AB and E) is for 
Peridot-5AB . 

FIG. IB illustrates graphic images representing relative 
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quantified fluorescence intensities of the inserted 
fluorescence proteins of the present invention, 

FIG.2A is photographs of HeLa cell lines captured at 5- 
second intervals while continuously treating the cell lines, 
5 which include calcium sensor BCC with 10 M of cabacol, 1 M of 
calcium ionopore, 100 inM of calsuim solution and calcium-f ree 
solution. 

FIG.2B illustrates quantified graphic images of 
photographs of FIG.2A under confocal microscope. 
10 FIG.2C illustrates normalized graphs of the graphs of 

FIG.2B using fluorescence intensities before applying 
stimulus . 

FIG:3A is fluorescence photographs taken after treating 
HeLa cell lines, which have caspase sensors, with cell death 
15 inducing agent of okadaic acid (20 mM/ml) . 

FIG.3B illustrates quantified graphs of the photographs 
of FIG.3A. 

Preferred embodiments of this invention are described in 
the following examples. Other embodiments within the scope of 
20 the claims herein will be apparent to those skilled in the 
art from consideration of the specification or practice of 
the invention as disclosed herein. It is intended that the 
specification, together with the examples, be considered 
exemplary only, with the scope and the spirit of the 
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invention being indicated by the claims that follow the 
example. The examples herein are meant to exemplify the 
various aspects of carrying out the invention and not 
intended to limit the scope of the invention in any way. The 
5 examples do not include detailed descriptions of conventional 
methods employed, such as in the performance of genomic DNA 
isolation, PCR, and sequencing procedures. Such methods are 
well known to those skilled in the art and are described in 
numerous publications. In addition, all the publications 
10 referred herein are integrated hereto as references. 

EXAMPLES 

EXAMPLE 1: DETERMINATION OF FLUORESCENCE INTENSITIES 
15 OF INSERTED FLUORESCENCE PROTEINS 

In order to obtain a mutant inserted fluorescence 
protein having enhanced fluorescence intensity at 37 °C, 145 th 
amino acid of Tyrosine, which was deleted in the conventional 
20 fluorescence protein, was introduced into the conventional 
inserted yellow fluorescence protein. On the other hand, 2 
(two) restriction enzyme recognition sites (Hindlll and NotI) 
were introduced into pcDNA3 vector, which was designed to 
express genomic materials in mammalian cells, for gene 
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cloning. For this purpose, 4 (four) primers were used. PCR 
amplification for 5 f region was carried out using YFP 
(Clontech #6006-1), as a template, and a pair of primers of 
Hind3/EYFP (Y145MEL)-F 5 f -GGGGAAGCTT GGGATGGAGC TCAACAGCCA 
5 CAAC-3' primer (SEQ. ID No.: 7) and BamHI , Nhel/Yins-R 5 1 — GTT 
GCT AGC ACC GGA TCC ACC GTA GTT GTA CTC CAG CTT-3 1 (SEQ. ID 
No.: 8). In addition, PCR amplification for 3' region was 
carried out using YFP (Clontech #6006-1), as a template, and 
a pair of primers of BamHI, Nhel/Yins-F 5 T -TAC GGT GGA TCC 

10 GGT GCT AGC AAC AGC CAC AAC GTC TAT-3 1 (SEQ. ID No.: 9) and 
Notl/EYFP (Y145GGT) -R 5 T -GGGGGCGGCC GCCTAGGTAC CACCGTTGTA CTC- 
3' (SEQ. ID No.: 10). And then, additional PCR amplification 
was carried out using the above PCR products, as templates, 
and a pair of primers, Hind3/EYFP ( Y145MEL) -F 5 T -GGGGAAGCTT 

15 GGGATGGAGC TCAACAGCCA CAAC-3' (SEQ. ID No.: 11) and 
Notl/EYFP (Y145GGT) -R 5 T -GGGGGCGGCC GCCTAGGTAC CACCGTTGTA CTC- 
3 ! (SEQ. ID No.: 12). Following the application, the 
resultant mutants were cloned to pcDNA3 vector using Hid3 and 
NotI restriction enzymes. The prepared mutants were 

20 transferred to HeLa cell lines, and the mutants which 
maintained the fluorescence at 37 °C were selected therefrom. 
In FIG.1A, A) shows fluoresce photography of Citrine-Ins, 
which was prepared by R Tsien et al . , under the confocal 
microscope . 
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Since the sensitivity of confocal microscope is very low, 
the fluorescence intensity, which can be detected under the 
general fluorescent microscope, cannot be detected under the 
confocal microscope. Thus, the photography of FIG.1A had 
5 black background. The inserted fluorescence proteins of the 
present invention, such as B) Y-Citrine and C) Peridot as 
shown in FiG.lA, represented about 20 times stronger 
intensities than the conventional fluorescence proteins. 

10 EXAMPLE 2 : Preparation of a substrate biosensor for NS3 

protease of human Hepatitis C virus using inserted 

fluorescence protein 

In order to develop a substrate biosensor for 
15 determining the activity of NS3 protease inhibitor, amino 
acid sequences encoding the NS3 protease' s substrate 
recognition site were introduced into the insertion region of 
the inserted yellow fluorescence protein. The NS3 protease 
inhibitor of human Hepatitis C virus recognizes protein- 
20 binding sites, such as NS34A, 4A4B, 4B5A and 5A5B, as 
substrate recognition sites. Particularly, since the 5A5B 
binding site has excellent feature as substrate, it has been 
used in protease activity assay system using similar viruses. 
Therefore, NS5A5B (or SAB) was used as substrate recognition 
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site in this example also. In order to insert this substrate 
recognition site into the protein insertion region of the 
inserted fluorescence protein, primers of BamHi/ 5AB-F 5 1 - 
GGGGGGATCC GAGGCTGGTG AGGACGTTGT CTGCTGCTCG ATGTC-3 1 (SEQ. ID 
5 No.: 3) and Nhel/5AB-R 5 T -GGGGGCTAGC ACCTGTCCAT GTGTAGGACA 
TCGAGCAGCA GACAA- 3 1 (SEQ. ID No.: 4) were synthesized and 
combined within a tube, and then were subject to cloning with 
recognition enzymes of BamHI and Nhel . Next, the prepared 
biosensor was transferred to HeLa cell line and examined 

10 under the confocal microscope in order to measure 
fluorescence and its intensity. In FIG.1A, D) shows a 
fluorescence photography of Y-Citrine-5AB including substrate 
recognition site within the inserted fluorescence protein Y- 
Citrine, and E) shows a fluorescence photography of Peridot- 

15 SAB including substrate recognition sites within inserted 
fluorescence protein of Peridot. Although the fluorescence 
intensities of these sensors were lower than those of the 
inserted fluorescence proteins not having insertion, they 
generated significantly enhanced fluorescence intensities in 

20 comparison to that of inserted fluorescence protein of R 
Tsien et al . , Citrin-Ins. 

Thus, the prepared substrate sensors for NS3 protein 
inhibitor maintained the fluorescence intensities in cells, 
and they should be considered as being useful substrate 
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sensors for detecting NS3 protease activities. 

EXAMPLE 3: Preparation of a calcium sensor using inserted 

fluorescence protein 

5 A calcium sensor, which binds calcium in cells, was 

provided in this example. First, calmodulin gene was 
transferred to BamHI and Nhel recognition sites to prepare 
the calcium sensor. In order to insert calmodulin into the 
inserted fluorescence protein, a pair of primers of BamHI/CaM 

10 F 5 1 -GGGGGATCCATGCATGACCAACTGACAGAA-3 1 (SEQ. ID No . : 5) and 
Nhel/CaM R 5 1 -GGGGCTAGCCTTTGC TGTCATCATTTGTAC-3 1 (SEQ . ID 
No.: 6) were synthesized. Then, PCR was carried out using 
calmodulin cDNA, as template, and the primers. Subsequently, 
amplified PCR products were cloned to peridot insertion 

15 region with restriction enzymes of BamHI and Nhel, and the 
resultant recombinant gene was named as BCC (Bio-Cart for 
Calcium) (SEQ. ID No.: 13). Next, the produced BCC was 
transferred to HeLa cell line, and the fluorescence intensity 
of BCC within the cell line was examined with Argon Laser 

20 (4 80 nm) under confocal microscope. Considering that the BCC 
has calmodulin domain at cylinder type loop construct of YFP, 
it was thought that the structural modification caused by the 
binding between calmodulin and calcium might result in the 
change of fluorescence intensity. While determining the 
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fluorescence intensity of the HeLa cell line including BCC, 
the cell line was treated with 10 M of cabacol, 1 M of 
calcium ionopore, 100 mM of calcium solution and calcium-free 
solution continuously. FIG.2A shows images captured at 5- 
5 second intervals, and FIG.2B illustrates graphic images 
representing time-dependent change of calcium for the 4 
(four) cells that were disclosed in FIG.2A. Each of the 4 
cells responded to the foreign stimuli in similar ways, 
although the fluorescence intensities were somewhat different 

10 from each other based on the level of insertion of BCC genes. 
It is clarified in FIG.2C that illustrates graphic images, 
which are normalized with fluorescence intensities obtained 
before imposing the stimuli. The enhanced fluorescence 
intensities, which were induced by the change of calcium 

15 amount, were maintained for some time period. Thus, it was 
confirmed that BCC could be used as a cell-based sensor 
indicating the amount of calcium in a cell, wherein the 
amount of calcium changed sensitively to the external stimuli . 
Considering the fact that, with the conventional high 

20 through-put assay system, it usually takes about 3 minutes to 
monitor every hole of 96-hole plate, the BCC can be 
considered as being an excellent biosensor that can be used 
in various experiments to detect and analyze calcium, since 
it maintains its fluorescence intensity 5 min or more to the 
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same external stimuli. 

EXAMPLE 4 : Preparation of a caspase sensor using inserted 

fluorescence protein 

5 

A caspase sensor, which can be used in monitoring the 
activity of caspase,. was prepared in this example using 
inserted fluorescence protein. DEVD amino acid sequences, 
which were recognized by caspase 2/3/7, were introduced into 

10 insertion region of the inserted fluorescence protein so that 
the fluorescence intensity of prepared biosensor can be in 
direct proportion to the change of the activities of caspase. 
With the prepared biosensor, it was possible to detect 
activity of caspase 2/3/7 under fluorescent microscope and 

15 was possible to digitize the activities. As mentioned in the 
example 1, a pair of primers of BamHI/DEVD F 5'- GGGGGATCCG 
C CAT C AAGAA TGAAGGAAAG AGAAAA.GGCG ACGAGGTG -3' (SEQ. ID No.: 
14) and Nhel/DEVD R 5 r -GGGGCTAGCG GCCACTTCAT CTGTTCCATC 
CACCTCGTCG CCTTTTCTC-3 ' (SEQ. ID No.: 15) were synthesized 

20 and then were combined. Next, the combined primers were 
cloned into the insertion region in peridot with restriction 
enzyme, and the resultant product was named DEVDins (SEQ. ID 
No.: 16). After transferring the DEVDins to CHO-K1 (Chinese 
hamster ovarian, ATCC #CCL-61) cell line, the cell line was 
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treated with cell death inducing agent in order to activate 
caspase to monitor the fluorescence intensity. As a result, 
it was observed that the fluorescence intensity of the 
prepared biosensor decreased due to the denaturation of the 
5 inserted fluorescence protein by the activated caspase, 

INDUSTRIAL APPLICABILITY 

The present invention provides novel inserted yellow 
10 fluorescence proteins generating about 20 times stronger 

fluorescence intensity in mammalian cells (at 37 °C) in 
comparison to those of conventional proteins of the same kind. 
Therefore, with the present enhanced inserted yellow 
fluorescence proteins, it is possible to carry out cell-based 

15 studies for numerous materials. 

Insertion of protein-binding site of NS SAB, which is 
known as a substrate recognition site of NS3 protease of 
human Hepatitis C virus, provides a substrate biosensor for 
NS3 protease. Thus, it is possible to develop HCV protease 

20 assay system, which can be used in monitoring any desired 
materials in cells, using the inserted fluorescence proteins, 
such as Y-Citrine-5AB and Peridot-5AB, as substrates. 
Accordingly, those skilled in the art can design protease 
activity assay system by preparing sensor cell line firstly 
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using the substrate sensor arid by introducing NS3 gene of 
human Hepatitis C virus into the cell line. Furthermore, it 
is obvious for those skilled in the art to design cell-based 
activity assay biosensor by inserting substrate recognition 
5 site of foreign protein, for example, originating from virus. 

Development of a biosensor of the present invention, 
which can quantify the amount of calcium in cells in real- 
time, provides essential ways to carry out real-time studies 
for, such as, cell death, epilepsy and neurosis etc. In 
10 addition, with the biosensor, it is possible to develop 
pharmacological assay system for numerous diseases 
accompanying the change in the amount of calcium. 

Furthermore, the development of caspase sensor of the 
present invention, which can detect protease activity in 
15 cells in real-time, makes it possible to design anti-cancer 
drug assay system. Likewise, this kind of sensor can be used 
in numerous disease assay systems by employing various 
disease-associated proteases. 

The substantial feature of the biosensors based on the 
20 inserted yellow fluorescence proteins is that these 
biosensors can be used to detect and to analyze any desired 
materials in cells in real-time. This unique feature of the 
biosensors of the present invention provides advantages in 
deciding suitable time point for assay and in conducting 
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assays repeatedly, in carrying out pharmacological assays. 
Furthermore, additional costs for quantification are not 
required in using these biosensors. Thus, in accordance with 
the present invention, cost effective high through put 
pharmacological assay is possible with the enhanced inserted 
yellow fluorescence proteins. 



